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Abstract Kinetic degradation of Ponceau 6R dye using oxidation with ammonium persulfate
(APS) as oxidant, and catalyzed by electro, photo, and photo-electro at pH 1.0 was investigated.
Ammonium persulfate (APS) proved to be a better oxidant of dye with photoelectrocatalytic deg-
radation (PECD). The inﬂuence of various pH of the solution on the efﬁciency of degradation of
dye was investigated. The results were observed that the dye decolorization was enhanced using
PECD at pH 2.0. The rate of degradation of dye with APS followed pseudo-ﬁrst order kinetics
in the dye concentration. Also, it can be seen that increasing the concentration of oxidant (APS)
led to a higher rate of dye decolorization.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
The textile and food industries use organic dyes which repre-
sent an important source of environmental contamination.
Most of dyes are toxic on aquatic creatures and have carcino-
genic effects on humans (Baughman and Weber, 1994; Liu
et al., 2000).
Different techniques, such as adsorption, oxidation, reduc-
tion, electrochemical, and membrane ﬁltration are applied to
remove these pollutants from the industrial efﬂuents. Oxida-
tion processes are widely used both in industrial preparations
and in environmental treatments (Fujitani and Nakamura,
2000; Qin et al., 2001). An alternative and conventional meth-
od called the advanced oxidation processes (AOPs) based on
the in situ generation of reactive OH radical is applied. This
radical species can quickly and nonselectively oxidize a broad
range of organic pollutants (Legrini et al., 1993; Kuo and Ho,
2001). Therefore, advanced oxidation processes (AOPs) pro-
ducing high oxidation potential hydroxyl free radicals have of-
ten been investigated for organic wastewater treatment,
including Fenton’s reagents (Duarte et al., 2009; Ramirez
et al., 2009), electrochemical oxidation (EAOPs) such as ano-
dic oxidation and electro-Fenton (O¨zcan et al., 2008; Khataee
et al., 2009; Panizza and Cerisola, 2009).
Electrochemical methods offer many advantages such as
low operational cost, are environmentally friendly (its main re-
agent is an electron), and have high mineralization efﬁciency of
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various aromatic pollutants, mainly pesticides, dyes, industrial
pollutants, and pharmaceuticals (Boye et al., 2002; Ventura
et al., 2002; Badellino et al., 2006).
Among various types and combinations of advanced oxida-
tion processes (AOPs), photochemical processes based on usage
of various strong oxidants, such H2O2, O3, or S2O
2
8 and UV
irradiation have been shown as suitable for the degradation of
colored compounds (Peternel et al., 2006; Aleboyeh et al.,
2008; Kamel et al., 2009; Kusic et al., 2010). Previous studies
have indicated that photo oxidative degradation using S2O
2
8
is a viable option, with complete decolorization and mineraliza-
tion potentials (Chu et al., 2006; Liang et al., 2006, 2007; Grcˇic´
et al., 2010).
In addition to direct oxidation persulfate can be induced to
form sulfate radicals. The sulfate radical is one of the strong
aqueous oxidizing species with a redox potential of 2.6 V sim-
ilar to that of hydroxyl radical 2.8 V. In addition to its oxidiz-
ing strength, persulfate and sulfate radicals have several
advantages over other oxidant systems. First, it is kinetically
fast, second sulfate radical is more stable than the hydroxyl
radical and thus capable to transport greater distances in the
sub-surface level. These attributes combine to make persulfate
a viable option for the chemical oxidation of broad range of
contaminants (Devi et al., 2009).
Ammonium persulfate (APS) proved to be a better oxidant
in comparison with hydrogen peroxide for enhancing the deg-
radation rate (Devi et al., 2011).
In this study, the degradation of Ponceau 6R dye using oxi-
dation by ammonium persulfate (APS) oxidant was investi-
gated. Ponceau 6R, or Crystal Ponceau 6R, Crystal scarlet,
Brilliant crystal scarlet 6R, Acid red 44, or C.I. 16250, is a
red azo dye. It is soluble in water and slightly soluble in etha-
nol. It is used as a food dye, with E number E126. It is also
used in histology, for staining ﬁbrin with the martius, scarlet
and blue (MSB) Trichrome stain. Important parameters, such
as the effect of photocatalytic, electrocatalytic, pH, and S2O
2
8
concentration were investigated to examine their effects on the
dye degradation rate.
2. Materials and methods
All reagents used in the present study were of analytical re-
agent grade and used without any further puriﬁcation. Pon-
ceau 6R, molecular formula = C20H12N2Na2O7S2, molecular
weight = 502.42, kmax = 518 ± 2 nm, class = azo dye, C.I.
number 16250, C.I. name Acid red 44, and having the structure
Scheme 1 was purchased from Aldrich Chemical Co., sulfuric
acid (96%), and sodium hydroxide were obtained from El-
Gomhuryia Company for Chemical Industries, Cairo, Egypt.
Three techniques were used to catalyze the reaction between
Ponceau 6R dye and ammonium persulfate (APS) as oxidant.
First technique is the electrocalalytic degradation (ECD) be-
tween two graphite electrodes at 20 mA, each electrode has a
surface area of 0.5 cm2. Second technique is the photocalalytic
degradation (PCD) by using UV lamp. Third, it is the mixed
between the above two techniques, photoelectrocatalytic deg-
radation (PECD).
Artiﬁcial light source of 6W medium pressure mercury va-
por lamp 256 nm is used. Pyrex glass reactor whose surface
area is 82.8 cm2 is directly exposed to the light source in open
air condition. The entire photo reactor system is maintained at
25 C using thermostat. The pH variation of the solution is ad-
justed either by adding dilute NaOH or dilute H2SO4. In a typ-
ical experiment, 200 ml of 0.1 mM dye solution was used with
2.0 mM of APS. The reaction mixture is stirred at 450 rpm.
The light is focused on the solution that was placed horizon-
tally at a distance of 20 cm. The change in pH of the reaction
solution was measured using PHYWE digital pH meter 13702-
93. The solution is taken out from the reactor at desired time
intervals, and it was analyzed by UV–vis spectroscopy using
Schimadzu UVmini-1240 UV–vis spectrophotometer. The
absorbance of dye was measured at 518 nm. The zero time
reading was obtained from blank solution kept in the dark
but other wise treated similarly to the irradiated solution.
The better experiments technique is conducted kinetically
using the following different reaction conditions (i) variation
of pH from 0.5 to 3.0, (ii) variation of oxidant concentration
at constant pH value. These experiments were planned in order
to determine optimum condition for the dye degradation.
3. Results and discussion
3.1. Decolorization efﬁciency
Because reactions with S2O
2
8 are very slow at room tempera-
ture, various techniques have been proposed to activate or
NN
OH
SO3Na
NaO3S
Scheme 1 Structure of Ponceau 6R dye.
Figure 1 UV–vis spectral of Ponceau 6R dye degradation by
various methods at pH 1.0 and 60 min.
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accelerate organic molecule decomposition. In view of the
advantages of three different techniques (ECD, PCD, and
PECD) on the degradation of dye, the reactions between dye
and APS were carried out at initial pH 1.0. The decreasing
in absorbance and degradation efﬁciency for the decomposi-
tion of the dye is shown in Figs. 1 and 2, respectively. It has
been observed that the photoelectrocatalytic degradation tech-
nique (PECD) has been found to be better for the degradation
of Ponceau 6R dye.
The effect of pH values in the range of 0.5–3 was investi-
gated in the PECD of 0.1 mM Ponceau 6R mM with
2.0 mM of APS. Fig. 3, shows the evolution of decolorization
percentage of dye solution versus reaction time. It was ob-
served that the degradation efﬁciency of dye increases with
time and the pH 2.0 has a pronounced effect on decomposi-
tion. On the other hand it is interesting to note that the degra-
dation efﬁciency of dye increases with the increase in oxidant
concentration from 1.0 to 4.0 mM at pH 2.0. Fig. 4 shows
the change in concentration as a function of photoelectrocata-
lytic time of an aqueous Ponceau 6R dye, 0.1 mM, with a dif-
ferent concentration of APS.
3.2. Kinetic studies
The kinetics of decolorization for the PECD processes were
summarized and presented in Figs. 5–8. All kinetic curves in
the ﬁrst period of the reaction could be ﬁtted reasonably well
by an exponential decay curve suggesting the pseudo-ﬁrst
and pseudo-second kinetics orders. The resulting rate con-
stants have been used in all the subsequent plots to calculate
the degradation rate for the decomposition of the dye using
expression given as the following equation:
Pseudo-ﬁrst-order kinetic model:
lnAt ¼ k1tþ lnAo
Pseudo-second order kinetic model:
1=At ¼ k2tþ 1=Ao
The calculated slopes and intercepts from the plots were
used to determine the rate constants (k1, k2) and initial absor-
bance (Ao). The values of k1, k2, Ao, and regression co-efﬁcient
provided in Table 1.
The resulting apparent pseudo-ﬁrst order rate constant was
used in all the subsequent plots to calculate the degradation
rate for the degradation of dye, because it has the highest cor-
relation coefﬁcient (r2) values, the practical initial absorbance
Figure 2 Degradation efﬁciency of Ponceau 6R by various
methods at pH 1.0 and 60 min.
Figure 3 Degradation efﬁciency vs. time of Ponceau 6R at
different pH values.
Figure 4 Degradation efﬁciency vs. time of Ponceau 6R at
different concentration of APS.
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(Ao(Exp.)) corresponds to those calculated from the intercepts
(Ao(Cal.)), and it is in good agreement with the experimental
data.
3.2.1. Effect of the initial pH
An important parameter in the photoelectrocatalytic reactions
is the power of hydrogen, pH. Therefore, the degradation of
dye was studied at a different pH range from 0.5 to 3.0 in
the presence of 0.1, 2.0 mM of Ponceau 6R and APS
respectively.
It was found that an increase of the reaction pH from 0.5 to
2.0 caused a signiﬁcant increase in the degradation rate in the
ﬁrst period of irradiation, to be followed by a signiﬁcant
decrease at the pH above 2.0 and the highest degradation rate
was observed at pH 2.0. Also, Fig. 9 is observed the lower half
life degradation period (t1/2) at the same pH value.
3.2.2. Effect of initial concentration of APS oxidant
Persulfate anion is the most powerful oxidant of the peroxygen
family of compounds and one of the strongest oxidants used in
remediation. The concentration of S2O
2
8 was found to be an
important parameter for the degradation of Ponceau 6R in
PECD technique. The photoelectrocatalytic degradation rate
of dye increased with increase in the APS concentration from
1.0 to 4.0 mM at pH 2.0 (Table 1). On the other hand it is
Figure 5 First order plot of Ponceau 6R dye photo-electro-
chemical degradation at various pH values.
Figure 6 Second order plot of Ponceau 6R dye photo-electro-
chemical degradation at various pH values.
Figure 7 First order plot of Ponceau 6R dye photo-electro-
chemical degradation at pH 2.0 and different concentration of
APS.
Figure 8 Second order plot of Ponceau 6R dye photo-electro-
chemical degradation at pH 2.0 and different concentration of
APS.
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interesting to note that the half life degradation period (t1/2)
decreases with the increase in APS concentration from 1.0 to
2.0 mM and a slight decrease was observed at higher than
2.0 mM concentrations (Fig. 9).
The increased rate of decolorization of Ponceau 6R with
addition of persulfate may be explained as follows: the persul-
fate can trap the photogenerated conduction band electrons,
and generate strong oxidizing SO24 according to the following
reaction (Pelizzetti et al., 1991; Muneer et al., 2005; Qamar
et al., 2005):
S2O
2
8 þ eCB ! SO24 þ SO4 ð1Þ
Sulfate radical anion ðSO4 Þ is a very strong oxidant and
engages in at least three reaction modes with organic com-
pounds: by abstracting a hydrogen atom from saturated
hydrocarbon, by adding to unsaturated or aromatic hydrocar-
bon and by removing one electron from carboxylate anions
and from certain neutral molecules (Pelizzetti et al., 1991;
Minero et al., 1996).
Sulfate radical anion is also generated thermally or photo-
lytically k 6 270 nm and can participate in reactions with the
solvent, according to the following scheme (Kolthoff and
Miller, 1951; Bekbolet et al., 1996; Malato et al., 1999; Wang
and Hong, 1999; Ivanov et al., 2000; Sadik et al., 2004;
Dominguez et al., 2005; Lau et al., 2007; Criquet and Leitner,
2009; Ito et al., 2009; Mora et al., 2009; Antoniou et al., 2010;
Khataee and Mirzajani, 2010):
S2O
2
8 þ hm! SO24 þ 2SO4 ð2Þ
SO4 þRH2 ! SO24 þHþ þRH ð3Þ
RH þ S2O28 ! Rþ SO24 þHþ þ SO4 ð4Þ
SO4 þRH! R þ SO24 þHþ ð5Þ
2R ! RR ðdimmerÞ ð6Þ
(R is an organic material).
Also, the available oxidants in the solution and its related
intermediates were indicated in the following reactions:
SO4 þH2O! HSO4 þOH ð7Þ
HSO4 ! Hþ þ SO24 ð8Þ
OH þ S2O28 ! HSO4 þ SO4 þ
1
2
O2 ð9Þ
SO4 þOH! HSO4 þ
1
2
O2 ð10Þ
2OH ! H2O2 ð11Þ
H2O2 ! H2Oþ 1
2
O2 ð12Þ
S2O
2
8 þH2O2 ! 2Hþ þ 2SO24 þO2 ð13Þ
On the other hand, the current density also affects the per-
sulfate. As shown in the half reaction below, the product of
persulfate reduction is sulfate ion ðSO24 Þ, which is a relatively
benign species.
S2O
2
8 þ 2e ! 2SO24 Eo ¼ 2:01 V ð14Þ
It is believed that persulfate reacts with organic compounds
primarily by the sulfate radical ðSO4 Þ, which can be generated
in solution by several mechanisms. The sulfate radical shown,
in the reaction below, is a powerful oxidizing species with a
standard electrode reduction potential of +2.6 V.
SO4 þ e ! R þ SO24 þHþ Eo ¼ 2:6 V ð15Þ
The above reactions demonstrate that the oxidation process
begins with the formation of sulfate and hydroxyl radicals,
which can transform organic matter (R) into more or less toxic
byproducts or into CO2 and H2O. The sulfate ion generated as
a ﬁnal product is virtually inert and it is not considered a
Figure 9 Variation pH and concentration of APS vs. half life
degradation period (t1/2) of Ponceau 6R dye.
Table 1 Kinetic parameters of decolorization of Ponceau 6R.
Ao(Exp.) Pseudo-ﬁrst order Pseudo-second order
Ao (cal.) r
2 k1 Ao(cal.) r
2 k2
pH 0.5 1.25 1.27 0.998 0.009 1.41 0.977 0.012
1.0 1.25 1.29 0.997 0.011 1.56 0.968 0.016
2.0 1.24 1.27 0.998 0.013 1.66 0.972 0.020
3.0 1.25 1.28 0.998 0.009 1.40 0.978 0.011
APS (mM) 1.0 1.25 1.28 0.993 0.006 1.33 0.977 0.006
1.5 1.25 1.29 0.992 0.009 1.44 0.966 0.011
2.0 1.24 1.27 0.998 0.013 1.66 0.972 0.020
3.0 1.27 1.30 0.995 0.015 1.93 0.957 0.024
4.0 1.25 1.29 0.995 0.017 2.33 0.950 0.030
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pollutant; the USEPA has listed it under the secondary drink-
ing water standards with a maximum concentration of 250 mg/
l, based on esthetic reasons (Lau et al., 2007; Salari et al., 2009;
Ocampo-Pe´rez et al., 2010).
4. Conclusion
Discoloration of Ponceau 6R dye with ammonium persulfate
(APS) was catalyzed by three techniques, ECD, PCD, and
PECD. Photoelectrocatalytic degradation technique (PECD)
has been found to be better for the degradation of Ponceau
6R dye. Effect of pH variation and APS concentration on
the degradation of dye was studied kinetically at 25 C. The
degradation of dye was tested for both pseudo ﬁrst-order
and second-order kinetics, it was observed that the interactions
could be better explained on the basis of ﬁrst-order kinetics.
The results were observed that the highest degradation rate
was found at pH 2.0, and the degradation efﬁciency of
Ponceau 6R increases with APS concentration increased.
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